ABSTRACT OBJECTIVE: Understanding the mechanisms by which neighbourhood environments influence childhood obesity is needed to facilitate the development of prevention strategies. The objective of this cross-sectional study was to identify the distinct types of neighbourhoods in which Canadian children reside and examine the extent to which physical activity and sedentary behaviour mediate the relationship between neighbourhood type and childhood obesity.
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hildhood obesity has become a serious public health issue in North America, its prevalence having risen rapidly over the past three decades. 1, 2 In recent years, a growing number of studies have examined the role of residential neighbourhood attributes in weight-related behaviours, such as the physical activity (PA) and sedentary behaviour (SB) of children. [3] [4] [5] It has been hypothesized that changes to the neighbourhood environment to facilitate or promote PA, such as improving access to parks and recreational facilities, 6 may represent viable interventions that contribute to reductions in obesity prevalence among children. 7 The social-ecological model provides a conceptual framework linking the neighbourhood environment to obesity. 8, 9 Within this framework, weight-related behaviours, such as PA and SB, mediate the relationship between the neighbourhood environment and obesity. 8, 9 However, few studies have explicitly examined the extent to which PA and SB mediate the effect of neighbourhood environments, and those that have done so report finding no mediating effect. For example, using a range of objective and subjective PA and SB measures, Veitch et al. found no mediating effect on the relationship between the neighbourhood social environment and body mass index (BMI) in a cross-sectional and prospective sample of 8-15-year-old children. 10 Similarly, a cross-sectional study of 12-16-year-old African American adolescents that examined the relationship between perceived neighbourhood disorder and obesity found no mediating effect for PA.
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Studies of the neighbourhood environment often examine only the independent effect of neighbourhood attributes on obesity, PA or SB. However, neighbourhood attributes coexist with each other, and together specific combinations of attributes may have a synergistic or antagonistic effect on health behaviour. For example, the effect of park density on PA may be influenced by the crime rate within the same neighbourhood. One approach to studying the synergistic or antagonistic effect of neighbourhood attributes is to group neighbourhoods with similar patterns of attributes into neighbourhood classes or types using statistical methods, such as latent class analysis (LCA). [12] [13] [14] [15] LCA is an analytical method that enables researchers to group neighbourhoods into latent classes such that neighbourhoods within each class are more alike in terms of their attributes than are neighbourhoods between classes. In contrast to looking at the independent effects of each neighbourhood's attributes, LCA enables researchers to identify groups of neighbourhoods with distinct characteristic profiles and to subsequently investigate how these groups differ in terms of their relationships with outcomes of interest (i.e., obesity). Wall et al. compared statistical approaches to analyzing the effects of neighbourhood characteristics on adolescent weight status and recommended LCA as a means of addressing this relationship because of the complex interdependence of individual neighbourhood attributes. 15 Latent classes of neighbourhoods derived from profiles of neighbourhood characteristics may be a more appropriate measure to study the mediating effects of PA and SB on obesity.
The aim of this study was to examine the mediating role of PA and television (TV) time on the relationship between neighbourhood type and obesity in a nationally representative sample of Canadian children (Figure 1 ). Neighbourhood type was determined by latent class analysis using perceived and censusderived measures of neighbourhood characteristics known to be related to obesity. It was hypothesized that specific neighbourhood types would be associated with risk of obesity, and that PA and TV time would partially mediate this relationship.
METHODS Sample
Baseline data from the National Longitudinal Survey of Children and Youth (NLSCY) 16 were used for this study. The survey, conducted by Statistics Canada, collected information on children biennially starting in 1994/1995. The baseline data were used, because subsequent cycles had fewer questions about the neighbourhood environment. The baseline sample consisted of children aged 0-11 from the 10 provinces of Canada. Trained interviewers conducted the survey in person at the home of the children. The person most knowledgeable (PMK) about the child, typically the mother, responded to the survey questions. In addition to administering the parent survey, interviewers completed a short questionnaire about the respondent's neighbourhood environment. This cross-sectional study included the baseline responses relating to all children who participated in the survey (N = 22,831).
Neighbourhood measures
Neighbourhood attributes were selected on the basis of their previous associations with obesity. Measures included responses to items from the NLSCY, living location (assigned by Statistics Canada), and material and social deprivation (linked by postal code using the 1996 Postal Code Conversion File). As LCA is best suited for categorical data, 17 all neighbourhood items were categorized or dichotomized. The wording of the individual items can be found in Table 1 . Neighbourhood safety (two items): Respondents were asked to indicate on a four-point scale (strongly agree to strongly disagree) how they would rate statements about the safety of their neighbourhood. Responses were dichotomized to agree and disagree.
Neighbourhood social cohesion (five items): Respondents were asked to indicate on a four-point scale (strongly agree to strongly disagree) how they would rate statements about the cohesion of their neighbourhood. Responses were dichotomized to agree and disagree.
Neighbourhood disorder (five items): Respondents were asked to indicate the presence of five specific problems in the neighbourhood (a big problem; somewhat of a problem; no problem). Responses were dichotomized to no problem and a problem.
Access to parks and play spaces (one item): Respondents were asked to indicate on a four-point scale (strongly agree to strongly disagree) how they would rate the parks and playgrounds in the neighbourhood. Responses were dichotomized to agree and disagree.
Traffic (one item): Interviewers were asked to rate the volume of traffic on the street (very light; light; moderate; heavy; and very heavy). Responses were dichotomized to light and moderate to heavy.
Neighbourhood aesthetics (one item): Interviewers were asked to rate the general condition of most of the buildings on the block or within 100 yards of the respondent's house (badly deteriorated; poor condition with peeling paint and need of repair; fair condition; and well-kept with good repair and exterior surface). Responses were dichotomized to well-kept condition and fair to poor condition.
Living location: Respondents were assigned into urban and rural categories according to the type and population size of the municipality they resided in. Responses were recoded into three categories (urban ≥100,000, semi-urban 15,000-99,999 and rural < 15,000). Material and social deprivation: Material and social deprivation indices were linked to each respondent's enumeration area. 18 Both material and social deprivation were recoded to tertiles representing low, medium and high deprivation.
Socio-economic measures
Three measures of socio-economic status were included in the study: income adequacy, paternal education and maternal education. Income adequacy was derived by Statistics Canada and combines both household size and household income into five categories of income adequacy: lowest, lower middle, middle, upper middle and highest.
Obesity and weight-related behaviours
Obesity: Body mass index (BMI), defined as weight divided by height squared (kg/m 2 ), was calculated from parent-reported height and weight for all children. Biologically implausible measurements were flagged, using a Stata macro developed by the World Health Organization (WHO), 19 and were removed from the analysis.
Overweight and obese were defined according to the WHO criteria as BMI z score > 1 and > 2 respectively.
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Physical activity: The PMKs of children aged 4 and up were asked two questions about the children's PA in the previous 12 months: 1) "How often has he/she taken part in organized sports which involve coaching or instruction?" and 2) "How often has he/she taken part in unorganized sports or physical activities?" There were five response options for both questions: most days; a few times a week; about once a week; about once a month; and almost never.
TV time: The PMKs of children aged 4 and up were asked two questions: 1) "On average, how many days a week did your child watch TV" and 2) "On those days, how many hours of TV did they watch". The responses were multiplied to create a variable indicating the number of hours per week the child watched TV.
Analysis
All analyses were weighted, using cross-sectional weights derived by Statistics Canada, to reflect population estimates of children in 1994-1995. Prior to weighting, weights were standardized by dividing each weight by the average of all weights. LCA was used to identify a set of distinct neighbourhood types derived from responses to the previously described set of 18 neighbourhood items ( Table 1 ). The optimal solution was determined using the LoMendell-Rubin likelihood ratio test and the Bayesian Information Criterion. 21 Individuals were assigned to the neighbourhood type to which they had the highest probability of belonging. Summary statistics of socio-economic status, obesity, PA and TV time were calculated for each of the neighbourhood classes. For analyses involving PA and TV time, the sample was restricted to children aged 5 and older, as PA and TV viewing guidelines are the same for children aged 5-11. 22 A path analysis was used to determine the extent to which levels of PA and TV time mediated the relationship between neighbourhood class and obesity ( Figure 1 ). Neighbourhood classes were dummy-coded with the largest class used as a reference group. 23 To account for the multiple tests due to the categorical nature of the independent variable, a p value of 0.01 was used for statistical significance for the path analysis. 23 To reduce model parameters, measures of PA frequency were dichotomized to once a week or more and less than once a week for the path analysis. Evidence of mediation was determined if at least one indirect pathway from the neighbourhood indicators to obesity was significant. 23 
Latent class analysis
The five-class solution was chosen as the best fitting model for the data (Supplementary Table 1 ). Item-response probabilities for endorsing each neighbourhood characteristic across the five latent classes are displayed in Table 1 .
Description of latent classes
Summaries of each class and known relationships with obesity or weight-related behaviours are displayed in Table 2 . Class 4 had the greatest number of healthy neighbourhood attributes, and class 2 Table 2 . Summarized characteristics of neighbourhood classes and known relationships with obesity or weight-related behaviours* * High/mid/low defined by corresponding item response probability tertiles. For three category items, the highest probability was used to describe the class. The +/0/− symbols in brackets represent healthy/neutral/unhealthy effects of the attribute on obesity or weight-related behaviours found in past studies.
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had the greatest number of unhealthy attributes. On the basis of the attribute pairings unique to each class, neighbourhoods were labeled as high rural-high safety (class 1); low safety-low cohesion (class 2), low disorder-high deprivation (class 3); high safety-low deprivation (class 4); and high cohesion-high deprivation (class 5). Table 3 displays the percentages and means of the neighbourhood classes by socio-economic status, obesity, PA and TV time measures.
Mediation analysis
Results from the mediation analysis are found in Table 4 . The high safety-low deprivation (class 4) neighbourhood was used as the reference group. There were significant associations between each neighbourhood class and at least one mediator (path a) with relationships in the expected direction (less PA and more TV time compared with the reference group). Compared with children living in class 4 neighbourhoods, children living in class 1, 2, 3 and 5 neighbourhoods had a z score between 0.12 and 0.35 lower (5.9%-15.6% lower probability when covariates held at the mean) of participating in organized PA; children living in class 2, 3 and 5 neighbourhoods had a z score between 0.17 and 0.39 lower (3.6%-9.5% lower probability when covariates held at the mean) of participating in unorganized PA; and children living in class 1 and 2 neighbourhoods watched between 0.37 and 1.35 more hours of TV time. Unorganized PA was negatively associated and TV time was positively associated with obesity (path b). In comparison with the reference neighbourhood, children living within the other neighbourhood classes were significantly more likely to be obese (path c; 0.143-0.249 higher z score or 3.3%-6.8% higher probability when covariates held at the mean). The direct paths between neighbourhood classes and obesity remained significant after adjustment for the mediators (path c′). The relative indirect pathway from neighbourhood class to obesity was significant for all neighbourhood classes except for the high rural-high safety (class 1) neighbourhood, indicating partial mediation. The proportion of the relative total effect mediated ranged from 6.6% to 12.3% among the neighbourhoods with significant relative indirect effects.
DISCUSSION
Using perceived and census-derived measures of neighbourhoods, we were able to classify children as living within one of five distinct types of neighbourhood classes. There were significant differences between neighbourhood classes and levels of organized and unorganized PA, TV time and obesity. For example, compared with the high safety-low deprivation neighbourhood, children living in the other neighbourhoods had a higher probability (3.3%-6.8% when covariates held at the mean) of being obese. A mediation analysis found that variation in PA and TV time accounted for 6.6%-12.3% of the relationship for three of the * All descriptives were weighted using sampling weights. † Results were restricted to children ≥5 years of age.
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neighbourhood classes but didnot explain any of the relationship in the high rural-high safety neighbourhood. By using LCA, we were able to examine the effect of distinct profiles of a relatively large set of neighbourhood attributes on obesity. Because of the potential synergistic or antagonistic effect of neighbourhood attributes and the correlation between attributes, methods such as multivariable regression would not be able to disentangle the independent effects of each characteristic on obesity or weight-related behaviours. 15 However, studies using such methods are still common, which may in part explain the inconsistent findings in the literature on the relationship between built environment factors and obesity. 4, 24, 25 For example, studies using latent methods have found associations between neighbourhood class and obesity when traditional analysis of individual environmental attributes did not reveal any association. 26, 27 The use of more advanced statistical methods to model the effect of the neighbourhood environments characterized by a comprehensive set of attributes may help to advance the field and elucidate the causal pathways leading to risk of obesity.
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This is the first study to explicitly examine the extent to which PA and TV time mediate the relationship between neighbourhoods as a whole and obesity among children. Other studies have examined mediation among specific attributes of the neighbourhood environment (e.g., disorder, social cohesion, access to facilities) and weight status and found no mediating effect of PA or SB. 10, 11, 29 The presence of mediation, albeit low, supports the need for neighbourhood interventions to act on PA and TV time. However, the low mediating effect also suggests that other unmeasured pathways exist, and further studies are needed to elucidate these pathways.
Relative to the high safety-low deprivation neighbourhood, no mediating effect was found among children living in high ruralhigh safety neighbourhoods. Children living in the latter neighbourhoods had lower levels of organized PA than children living in the former but similar levels of unorganized PA. The difference in organized PA between urban and rural neighbourhood types may be related to fewer PA facilities in rural communities. 30 The lack of mediating effects suggests that the environment may influence risk of obesity differently in urban and rural neighbourhoods. For example, rural children have been found to have a higher intake of fat and sweetened beverages than urban children; 31, 32 therefore, the effect of the neighbourhood on diet may play a larger role in rural areas. Research is needed to explore the mediating role of diet on the relationship between neighbourhood environment and risk of obesity.
The results from this study should be interpreted in light of several limitations. First, the study was cross-sectional; therefore, we cannot infer causal relationships. Second, the data used were from 1994 to 1995 and may not reflect current neighbourhood, PA, SB or obesity patterns. However, the purpose of the study was to examine the causal pathway between the neighbourhood environment and obesity, which would be less influenced by time. Third, the study did not account for exposure duration or self-selection bias. Fourth, measures of PA, TV time and BMI were parent-reported and are therefore subject to self-reported biases. Objective measures of activity using accelerometers and of BMI using calibrated scales should be used to validate these results. Fifth, although the included neighbourhood variables captured a Table 4 . Bootstrap estimates and bias-corrected 95% confidence intervals of the path analysis between neighbourhood class and obesity. High safety-low deprivation neighbourhood (class 4) was the reference* 
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broad range of attributes that have been found to be associated with obesity or weight-related behaviours in previous studies, additional neighbourhood attributes not examined in this study may be important to include in future studies of obesogenic neighbourhoods (e.g., density of housing and recreational facilities). Sixth, dietary behaviours, a key risk factor of childhood weight status, were not measured in the NLSCY. The inclusion of dietary behaviours as an additional mediator may explain more of the relationship between neighbourhood class and obesity. Last, there were significant differences in the individual characteristics of respondents with missing and non-missing data. These individuals were more disadvantaged and likely to live in more deprived neighbourhoods; therefore, results would be biased towards the null. Despite these limitations, the strength of the study is the use of a novel approach to studying the association between neighbourhood attributes and obesity. LCA addresses the potential synergistic or antagonistic effect of neighbourhood attributes and creates meaningful classes of neighbourhood types. Continued use of this method may provide stronger and more consistent support for the association between the neighbourhood environment and obesity, and may identify key characteristics that have more influence on obesity risk. In addition, the study made use of a large nationally representative sample of Canadian children, which supports its generalizability to Canada as a whole.
In conclusion, the findings suggest that the neighbourhoods children reside in can be grouped into distinct typologies, which are associated with PA, TV time and obesity. Among urban neighbourhoods, the relationship between neighbourhood type and obesity was partially mediated by physical activity and TV time (7%-12% of total effect); however, no evidence of mediation was found among rural neighbourhood types. Intervention strategies to reduce obesity at the neighbourhood level should be tailored according to urban and rural setting and take a comprehensive approach aimed at improving a range of obesity-related behaviours in addition to PA and TV viewing, especially in rural settings. 
